Vehicle-to-vehicle communications can change the driving behavior of drivers significantly by providing them rich information on downstream traffic flow conditions. This study seeks to model the varying car-following behaviors involving connected vehicles and human-driven vehicles in a mixed traffic flow. A revised car-following model is developed using an intelligent driver model to capture drivers perceptions of their preceding traffic conditions through vehicle-to-vehicle communications. Stability analysis of the mixed traffic flow is conducted for a specific case. Numerical results show that the stabile region is apparently enlarged compared with the IDM model.
decisions about acceleration choice for a more stable car-following behavior.
From the theoretical standpoint, it's challenging to model the car-following behavior of connected vehicles under a mixed traffic flow with considering the effect of connectivity. Car-following behavior has been studied extensively in the literature and several models with different levels of complexity have been introduced to capture the underlying process of acceleration decision making, such as Pipes, Forbes, General Motors and Optimal velocity model [1] [2] [3] [4] [5] [6] [7] . However, most of these previous studies focused on the car-following behavior of human-driven vehicles without presenting the role of connectivity, although some studies have introduced the spatial anticipation model [8] , in which the driver of the following vehicle is regarded that he can perceive the information from multi-preceding vehicles. As for connected vehicles with the capability of communication, the acceleration choice is usually modeled using a traditional car-following model-IDM (Intelligent Driver Model) without considering the information provided by multiple preceding connected vehicles [9] . What s more, some efforts focused on specific applications of connected and autonomous vehicle (CAV) technologies in pure CAV driving environment, such as Cooperative Adaptive Cruise Control or Automated Highway Systems, from the perspective of control without considering the interaction of different kinds of vehicles [10] [11] . The capabilities of these modeling are limited to in a mixed environment where only a portion of vehicles is equipped with the essential communication tools. Therefore, there is a need for a new model to capture the car-following behaviors of vehicles in a heterogeneous platoon including human-driven vehicles and connected vehicles.
The remainder of this paper is organized as follows: in Section II, the proposed car-following model is formulated in terms of the acceleration function. In Section III, the stability of this model for a specific case is analyzed, and the comparison between this model and IDM is discussed. A conclusion is given in the final Section IV.
II. MODELING BEHAVIOR OF CONNECTED VEHICLES Traffic Direction
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Car-following behavior of connected vehicles in a mixed traffic flow:
modeling and stability analysis* human-driven vehicles between two adjacent connected vehicles, such as zero, one, two or more. All the connected vehicles can communicate with each other wirelessly. In the context of driving, as shown in Fig.1 , a human driver of connected vehicle n c not only takes into account the behavior of the immediate leader, but also receives the movement information of several connected vehicles ahead. For car-following model, we just consider that the following vehicle receives the information from all the preceding connected vehicles in the communication range.
Considering the effects of the preceding connected vehicles, we split the acceleration into two parts, which are the traditional car following of the immediate preceding vehicle imm and the effects of m connected vehicles in front. m is the maximum connected vehicles in the communication range. We supposed that 
n n k n k c ,
are the headway and velocity difference between the immediate preceding vehicle imm and the following vehicle n c , and
. l is the length of a vehicle. 
The driving behavior (e.g. headway, velocity, acceleration) of the immediate preceding vehicle is perceived by the driver of the following vehicle and this can be captured using a traditional car following model. Here we choose the IDM (Intelligent Driver Model) proposed by Treiber [13] . So the effect of the immediate preceding vehicle on the following vehicle can be shown as follows. 
The IDM acceleration consists of a free acceleration 
Which is specified by the sum of the jam distance 0 s , the velocity-dependent safety distance n c v T corresponding to the safe time headway T , and a dynamic part. The dynamic part implements an accident-free intelligent braking strategy that, in nearly all situations, limits braking decelerations to the comfortable deceleration 0 b .
These multiple connected vehicles ahead will communicate the driving behavior of themselves with the following vehicle and this information will affect the behavior of the following vehicle, which will be considered from the perspective of safe movement. Therefore, the following vehicle can update its acceleration as a function of its current velocity and the knowledge of the velocity and headways of its preceding connected vehicles within the communication range. The idea is then to integrate all the information with the weighting coefficients as Eq.(4). , , 
Where v K and a K are the different constant sensitivity coefficients. 0, 0 and , [0,1]. Based on the different market penetration rates of connected vehicles, there will be lots of configurations for the mixed platoon including connected vehicles and human-driven vehicles. In this paper, we just consider one specific case to study the string stability. We assume that the market penetration rate of connected vehicle is 35%. That means there will be two human-driven vehicles in between two adjacent connected vehicles which is illustrated in Fig.2 .
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Eq.(8) can be rewritten as the following formation:
, substitute Eq.(9) into the Eq.(6) and using the Taylor expansion, it will deduce: Reaction time T c 1s Note that the partial derivatives of IDM are functions of vehicle speed and gap at equilibrium; therefore, the following relationship between speed and equilibrium gap is used to simplify the stability analysis [14] . 
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Based on the stable condition Eq.(12), the stable diagram is plotted in Fig.3 with maximum acceleration am and desired time headway Td .
From the numerical results in Fig.3 , the region over the critical curve is the stable region; while the remainder is the unstable region. It reveals that the stabile region of the proposed car-following model is larger than that of IDM. The reason is that the proposed model takes into account the effects of the preceding connected vehicles within the communication range. With the increase of M, that is, further considering the mere preceding vehicles' information, the stable region will be enlarged, and up to tend to a fixed area. The increase of stable region of traffic flow indicates that vehicles can move faster than before at the same time headway, which is meant to suppress traffic jams effectively. 
IV. CONCLUSION
An extended IDM model is proposed to capture the car-following behavior of connected vehicles under a heterogeneous platoon and stability analysis is done for a special case. Numerical results show that the extended IDM is more stable than IDM, which is benefit for easing the traffic jam. For future research directions, we will explore string stability for general cases and calibrate the proposed model.
